























































































図1. 分布定数系の適応制御問題 図2. 無限次元／有限次元／制御器
表 1. 分布定数系の適応制御の問題設定
制御対象 （A, g, f , α, u(t, x), h(z(t, x))は未知）
∂
∂tu(t, x) = Au(t, x) + g(x)f (t) (+g2(x)h(z(t, x) ) (x ∈ D)











D c(x)g(x)dx ̸= 0（相対次数= 1）でθ0の符号が既知
制御対象の入出力信号f (t), y(t)のみが測定可能
制御目的























ψ̂2(t, z)v2(t, z)dz + ψ̂3(t)y(t)
状態変数フィルタ（無限次元）
∂
∂tv1(t, z) = Fv1(t, z) + gF (z)f (t) (z ∈ DF )
∂
∂tv2(t, z) = Fv2(t, z) + gF (z)y(t) (z ∈ DF )
αF (ξ)vi(t, ξ) + {1− αF (ξ)} ∂∂νvi(t, ξ) = 0
(ξ ∈ SF , (i = 1, 2))














dtψ̂0(t) = Γ0 sign(θ0) r(t)e(t) (Γ0 > 0)
∂
∂tψ̂i(t, z) = Γi(z) sign(θ0) vi(t, z)e(t) (Γi(z) > 0)
(i = 1, 2; z ∈ DF )
d
dtψ̂3(t) = Γ3 sign(θ0) y(t)e(t) (Γ3 > 0)
e(t) = yM (t)− y(t)
表 3. 分布定数系の有限次元適応制御
制御則




+ v1(t) ≡ p̂(t)v0(t) + v1(t)
ω(t) = [v̄1(t)
T, v̄2(t)
T, ff (t), y(t)]
T
v1(t) = {k1 + k2∥gα(t)∥2}e(t) (k1, k2 > 0)
gα(t) =
[




dtv̄1(t) = F̄N0v̄1(t) + ḡ0ff (t)
d
dtv̄2(t) = F̄N0v̄2(t) + ḡ0y(t)
(F̄N0 ∈ RN×N , ḡ0 ∈ RN ) : N次元の可制御対
d
dtw1(t) = −λ̃Nw1(t) + |ff (t)|
d
dtw2(t) = −λfw2(t) + w1(t)
d




˙̂p(t) = Pr{Γ2 sign(θ0) v0(t)e(t)}
(Γ1 = Γ
T
1 > 0, Γ2 > 0)
表 4. 非線形分布定数系の有限次元適応制御
制御則




+ v1(t) ≡ p̂(t)v0(t) + v1(t)
ω(t) = [v̄1(t)
T, v̄2(t)
T, ff (t), y(t)]
T
v1(t) = {k1 + k2∥gα(t)∥2}e(t) (k1, k2 > 0)
gα(t) =
[
|ff (t)|, w1(t), w2(t), w3(t), w4(t), w5(t), w6(t),
H(Z(t))
]T
∥h(z(t, ·))∥ ≤ h0H(Z(t))
状態変数フィルタ（N次元と1次元）
d
dtw1(t) = −λ̃Nw1(t) + |ff (t)|
d
dtw2(t) = −λfw2(t) + w1(t)
d
dtw3(t) = −λfw3(t) + |ff (t)|
d
dtw4(t) = −λ̃Nw4(t) +H(Z(t))
d
dtw5(t) = −λfw5(t) + w4(t)
d




˙̂p(t) = Pr{Γ2 sign(θ0) v0(t)e(t)}
(Γ1 = Γ
T
1 > 0, Γ2 > 0)
